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COLD START ENGINE CONHSOL Accoriiniljr, it is an otiject of tbe pnscnt srroitioft to 

APPARATUS AND METHOD proi^e & cold start apparams wbkti can reduce tbe udoudc 

of excess fiiel needed Aum^ cold sUit procedures. 

Hiit aiiplicaiicm is a coaliimtioii cf patent applicatini It is ajfo aa object of tbe paxeat iaveR&>a to provide a 

Ser, No. C8/fi79.273 filed on Jul 12, 1996 now gbandoned. i cold ctsit ippintus wbi^ cu redsc* tl» «sla\)EC «mis£io&£ 

mm n riB thc TMVBMTTfMJ "^"^ iotMoaleombiHUon eagloe dmiog cold aiait opaatioo 

HELD OF THE INVENTION «, a* to m«t the requirements under the upcomiiisljLEV 

Tbe fKSSES inventioD relates generally la cold start pn* 75 lEgnli^DS gayamag ejihaust emissioas. 

devtes used with mtm-.al combuslion mgines. and in H b a fatherol^ed of thcpr£«iit invcEti™ tt, i=d»*tbe 

pHrtk*dar to an apparatus and method for vaporizbglbefusl lo ovenU fiiel Mnsunffilion of m intanalaaai^iEtioaeDgiae. 

Sfl^'T'S ''?l'^J^'°L'lL''f^;?"^w ItiBanotherobjecSveoftl«j»««.iiiv«tiaiHopwv^ 

tbrc^. beatod cb«aW poor to (be mtdce valve of . Jt,, thatmclud^«df ckaniegnKdrwhidi 

j eytinder oeao. reduces mainlEUance lequixemeiits. 

j BACKGROUND OF THE INVENTKDN it is gtiD mother object of the presait isveoCioo to 

The iacnsse in atmospbetk poUutiDD geaersted by sccoicplisb (he ^ve-sl^^ otjecte by udii2iii| an appar^- 

QtbaiGst ema riora ttom cDnventioiia] g^line and dies«1 tus wUch t» ample in de^D and use, aod ecoEKusi^ to 

powered iatenul combustion ensines bave caused both aunufacture. 

i federal aod stat« govenuneats to enact laws and esiabtuh Hie foiesoiag ot^eos aod advantsgR of tbe ioventioo m 

legutatioos wbicb iu^se even giester restrictions on fiie iUutintive of those which can be achieved by tbe ptesem 

perfonnance of mob? v^c1e& in the areas of exh aurt g as inveaiioa asd are oot intended lo be exhau^ve or lisutiog 

j^' aiij8si(u>aadfiidecoaomy.FotHtunpte,lbeUi^VF[P75 of the possible advul^es vtaOi can be tesUzfid Vsas. 

osndoids for ^asoHiw engines ibai aie to talce efTeci Id the tb«e and other objecu and advutsges of tbe iavMUkm will 

DCKlfw yean call fur double di jit reductions in the leveils be appareid ft<m tbe detd^ption bereia or can be leanKti 

of DosioiB emistiftiu «ver the 1990 UtEV FTP Etandaids f»ibpracdeii)igtb«iAvsistico,buta3eiabodi*db«r«ia<a-ae 

(Dp to 90% in &e csk of hydnKuboDs). modified in view of say varkikms Middi may be ^^areot 

[>miag tbe sl«t of a cold es^n^ and befbc* tbe calalyic totbosesIdllediBttieBrt.Accoidiii^y,tbcpTeBeetiav«iU0a 

convener caawann up to be effective, engine emissions we reudes in tbe Dovel mahodft, anaagutiems. cDaAsBBlkus 

pankulniy Ingb. After wsom-^p and dtaiag noanal mimifig, and in^rovements herein sbown and deeortiMd. 

tbe camytic converter reduces emissions, and tbe toemal jo ^jummary of thp tNVEfinoN 

combustion enfioe «soaliy operates at a 14.7: 1 air to fuel SUMMARY OF THE INVENTION 

mixture ratio wbicb also yields reduced enUsslOQC. In accordance with these and otber objecu of & 

However, whan the engine lEoipeiafuie is bebw a artaio inwDtion, s brief sunmuiy of tbe present iavadioa is 

point, it is more difficult for all of the fuel b be vapofizedf presented. S<»ne limpUficsUoiis anti omisioiB may be nude 

andAcfaDkefaclorisiuededtosupplyejKntfiieLOlhenvlse, jj inlberol]owing8Uminaiy,whicbisintendedtDhi2Mi^t3Eid 

Dot axw^ fuel will be vapcHized, resaltitij in a ciixaiie intmioce some aspects of tbe present inveotioii, but sol to 

leaoerdiaa Aede^red U.7;l stalchiomeIiictatio.1!^ic»l]y, limit its scope. Dtitiled deEcriptians of s preCored exem- 

tbe Gut twenty seconds of eaghse startup opentes in a cold plary mbodimeot adequate to allow those vf onfinaiy skill 

cart *tericfame8f ' rooda in vbtdi a i!cber than tuschioniel- inlbe ait tn malre snd use the inventive ooBcepit foBow 

lie aicffuel adKlure is dellvBRd. As the engine heats up to 40 in later seefiiws, 

Doimalc^watkin, Ibead^tlcnsd fuelnipfilieduitbe aii/fljel J^cording to a broad aspttt of the invention, snappanius 

mixtnte is giadually dccreaied until the denied sttadiio- fbr v^rizlog fuel before ii is supplied lo a cylio^ of s 

meoic lado is reached and Qke en^ne is rumdng snuDtUy. multi-cyliader intemal combusbon engine is dtsrioeedL Tbe 

E>uriog ibe cold am curichmEat mode. Ox increased mi^ti-cylbder engine includeE 3 Aiel s<^fy< and ki air 

amount of futi delivered to Ibe combustion chamber causes 43 intakBpBSsapwaybavinsathiottievalvebavias>pi>ccaUy 

an buneue io hydiotaibcsn aod oimnis oxide emissions due secured throlde plate disposed Iberdn. The cold Stan i^pa- 

10 ioBoinpIete burning of the fuel. At Ibe present levels of rahis includes fi) a houiin&flttidlyconqilBd on one end to tbe 

allowable bydroeart>oa emisiion, ihe cold stan eniidunent air intklce passageway dowutram of tiw location of &e 

mcde uses an ^/fbd ratio of about 10:1 through 14:1. thiotile; (ii) a cold start fnel iojecur baving sn outlet aod 

pvtucangendssioae dial do not euwd today's standards of 50 dispoEed in tlic bousing; (iii) an idle air coiKhiiL Buidly 

?.0,0.39Bad0^srams/ameforCO,HC/NMOGaodKOx. coupled cki one end to ihe air intake passageway, aaddcikfly 

Ibeee levels of eotissions. liowever. will have 10 be rMuced coi^led 00 the other end la the ticHuin^ ^ delivering air 

ta 1.7, 0.040 xcd 0.20 giams^e respectively to meet the ad^ot to &x outlet of tbe cold start fuel iafeetsr for 

U.S. govefliinest't ULEV FrP75 emissions leguladoos in intoimxing air ti^th fuel ejected fmm the cdA stmt fuel 

liw t&i &ture. Tliis repn:&euts a 90% reducdoo in HC 5i injector; and (iv) 1 healed cbambCT having a tonglmdfiial 

eminions over present levels. luin^ and disposed at the outlet t^Qie cold starts injecte 

KercufoRi, manufactureis b«vc provided a number of fof vaporizing the tilr<Aiel mixture before it is cJeHvn-Bd id 

devices to W3ro tbe engifle futex and to mabe the choke the eosinc cylinder. TV beating diamber ioclwia a pknU- 

awie sensitive. However, these devices tiave been too slow Ity of ind^ndent healing dement sections that can be 

artoooH&plicatedtoeffective^meetupconungUI^VPTP ea separately coi^Iled to vaiy the tcmpezahUB across the 

75 regidaOofls during Ihat sbott cold start dutatioo period. hexing chsmbcr. 

Rstbomoie, catalytic convsiers provide almost no assis- A method is also disclosed for reducing aniomobile 

tsnce to reducing eaussion levels during the cold start exliaust cous^ions durii^ tbe cold start of a mnili-oylindeT 

ptsind Thus, what is seeded is an uocomplicaled apparalus inlemal combustion cqgioe having a AkI aj^y. a plurality 

fareoahliagBmooibengine<f)ci»ionduiii^oo)dstAitstbat $S of fuel it^ecton located adjacent to Kpazatc engine 

produces engine emissions (hat wiD mea the U^. govern- cyBnden, a cold stan^iel injector and bedcrRuidly coupled 

■oeot's ftiture ULEV FTP 75 regulations nqiurementi. Id Ibc engme eylindos, and an ui passageway ftvdi^ a 
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pivDUiUy secured thR>ttl« valve disposed llieretn. The VEMLED DBSCSBfTlOH Of THE 

attf&aIiadufes1&eftepiof(i}inilUUtigpowart0tbel»ater PltEIiERRED GMBOIXMBnS OF IHE 

for a penod «r ^ tsfoici tbe en^e ia ■tarted; (a) I^1VE^^^0N 

iap[4ySBgtbefiiBltott«eDgiwcylffldew fiiraiighEhecoM arrentieak mtfnmtates m knovMi ndd 

it^h^WDr»<Ui)imwiigaKfiicI&wn(he«.ldstartijijectet j .pr^M, «h1 tMhnd ii.v^r.g » h«.i ^j«nA.^ »f 

mtfa ar at m amount suffidnt lo produce a sutstaniially ^ariojs configunlioos tofiwiaft fix bq u)ci«wd vrata. 

Ho^chiomeiw ittw of ttw iif to fuel; (iv) pascmg tbe don of /bel aad a beater bttm tbereof to laJwc noxious 

GObctamaUy aoidiionKBric su-fuel masae over iht leater e^j^a^ emiswoM vai decteMft fuel aasnainaKi dmnz 

demeottecwsc the fiKUc* be vaponz«d;(v) supplying ihe enguie coU stots. 

««jK>ci»d air^] lo ibc engkc cyliod^ when ik now to tbe drawto£«, vbinmi ]ifce aumoals 

apoe tt jtoted. ud »infal «w engae i^^bu a lem^ana^ ^ like demonu, thtre is di^kucd in HQ. 1 biwd 

of aboul ecr C: and (vi) swiubng fiom (uel sapplied by tl» jj-^ ^ ^ pnsfenwl embodimeni flf Aft iBveodoa. R Is © 

«W rtait iDjeetor to fi»d supplied fcy Ifae ptanJiiy <* fud |» „KiostDDd thai ^ fclkmiiig ducdptioD of an iBtereat 

injecton aftei tbe eagioe readies apie-otaUitfaed thiedictkl oombua^ otgioe. itiued to but Krt fonoo^ part of ibe 

KiaQsiircdbytmipeiatiire.tunew«cotDbEu1ufaofbaai. ,j isventioo, is provided fiff jUoEtr^w popoM wtf. ft RG. 

Bills' D£St3UFnON Of Itffi DRAVVINGS >»'«n«l com1»stl(ni engine fud a«urol syitem having 

„^ .„ »»WBtm»Bawftisordevioe(alsowfBiMdtOBa"CSir) 

HIG. I IS a p«q»eiaive <Jiagrani illustaticg a prefarad ideotifiad gcomUy by refeeooe tlUBl«l 1 in iKOOidaace 

embotfimoit of tbe eoM start device of tie |W(eni invention v/ith the preseot inveotiMi ie sSiown. Vx icternal couAia. 

mouaied on an intemai combus&Mi oigiae. tina engine i& only sbown partially because Ifae iolonal 

FEQ. 2i$apexipfictivedia£nmofactas8-«clUMialv»w ^ details of tbe esgioe, except ^lu cold sat a^^tanus land 

K <rf a prcfmed embodimaot sf (he cold nart device of the related ctmttoU, do not foim part of ttMii]ivaib7D.H0«eva^^ 

'zz fxesepl Inventioii. ^ foflkm of itm aOanal omobuElXHi sa^ae ia depicted for 

CU RG. 3 is a poapodivediafiam of & e»«-*eclioDa] view ease ia lUtdnEtuuSag how the ptesot inveDtioo may be 

^,1 ofoi»«BbodiiBectQf.fodhralerai««Un8tothepr«ei»l pracfiarf In cottjUKdoii vrtlh aoy to^ 

ioyni&OD comiimtioaeaguiet. fi£l»ii](lbeRatha-oo»dlliat:tbecrii! 

4=. * TrtlZ Vi^i. _i «!ri L ZT «^™mi»yww enfilBe* of ihe type depicted Imt may also be eumlDyed wifli 

«J^dm«ct of « fori beater aceoding t& tbe „^ type eog&. Ad^«»lly. fiie irimui«I^d&bed 

j': IW.5i*apa^ect»w«drtgi4m«a«»K-se<*ioMlvi«w jg engiae, aft it is believed dui ftete dUied in l*» art can 

yaCaaodierembodiiaaatofafaet beater ecDordu^ Id the readily uottotend bow Ibe iav«^oa ia pcac&nd in odd- 

^ fceaeDt iavectim. joocdoii with muUipte i^lnder en^pset atd en^aes of 

^ FKj. ti i£ s paspecdve diagraoi of a tross'seciiDDal view varying coDfigun&ntB. 

of ctiU anotbcT mb^dimdat of a fuel healer sffording to tbe Is one prefored eDbadment of the uivaili»i, tbe cold 

X {mm iove^D. 3^ Etani9ipBntu>Xistaouated9QibeutakeiiuBDMdl«^a& 

HG. 7 is a block fonn diagram of the control systems of iQtamal ctHQbui&Hi engine. Tbe cold start appsFUu I may 

^ 1^' a cold start device, accocdug to the preseot iflventioa. be nwinlrd dinclly to tbe intake macifaid 16 for coa^aet 

iO^ FIG. 9u a Sow t^grast of tiie ovsaQ o?«mioi) of a de^so-AltemaUvely. theouiletof ibecoUstin^anEiE 1 

pfetoredenrindimeiitoftfuBtddBtaitdc^tooftlieinseat can be connected to the iBtabmaaifoid 19 visa cctnchot or 

HG5. 9aa3 10 l» gnpUcal font i&agrain& represents- AsMcnioRa. t, tbe intake manifold It is ccn^kd on 

'[ tivc of die opcniioti (tf the coM slut device ovct vuyiog «k end to aa air supply, ^ferably thiot^auaitclaan' 

I tea^eatllRs. {not shetn far ehri^), wbkb tuppBeE a SBeaffi of air as 

j PJG. U 3l a gnmlHcal fonn diagram ja»winj tbe opwa- iodiated by fte arrow on the left side of HG. I. KapoMd 

! liDBof&ecoldstBtdeVicaovm^ « uifiietirpase^wayllofibeiniakeBmifoIdlftiKainsu 

'■ HQ. 13 is a flow dii9«D of tie tniM opendoa of the ^* «^ 8 rf Je type kB>wn by *o.6 sfciUed in tbe 

ooJd st&t device, acoxding to Ihe present invalion. Downsfream of th« m« sir Sow 8 ^ a ibiDtfle 

I^.l3i»aiartiicalfbmdia)inmiihcwin£lto valve»faaviagBpivoCaiIyi«ur<dtiBOttiepUte{BfaiwJtn 

c»er time. SO momlored by thmilleposiljon scnsorlt Coi^lcd to Sitair 

e» ■„ J- ^ t passageway 21 between tbe OMM air How ieacoT 8 aaiae 

.J^« i^^'S^^^T^^r^^ L«L > ii . cendull lefmtd as ilte air irto for 

i '^^l^"*^ rir to the cold *tirt app^atua 1 

^ J^^!i*^" ^^.'^ the diagiwsuc opcralioii of (descra«d in detail below). AIM ^usJas ^0 die 

dieoldatactdnice,acoonfat>gli^lbepr«entuveuii»i. 35 UnollIeSiaio the intake nanifoid 10. tfa^iaii^ 

j RGS. n win tn gi^bioal xqmse&taiions of ibt: fnal iuppfiad by tbe «dd sMrt appafaiw 1 {rader ooM san 

j aanot kveb tluougb tbe fuel heotei; acceding to the coodilionaX or witb fa^ supplied by a maltiiiOEt fuel 

I pKsmt taveoliofi. iajeobirS. 

FKi. l*isai«ispeetivediaBramofyetaKHberembodi. Upon combunieii. exhaast gases eik the onmhostioB 

I ami of tbe prraau invention mwuted on sa iatianal » c]uni>a 14 paitcd a lambda (^1 «)diH» U 

ojinbustioc eogine. employed for detee&ig tbe oxygen iewl ^ tiie aSaoA 

PIC. 19 is a pmpeciive dlagian o! a CKHE-seclioiial view gsses, and ihrousb a c^ylic cmvoter T used for ledodng 

of ft preferred emhndimeirt of a modified OcotQe valve noxiom emissionf, as is practiced is tbe ut. Id !»dditicn, 3 

aecocdiBg to Ibe piesant inventioa. tenperaaiie«eoK«3J U mounted in tbe palij of the eshacst 

[ FICS.2t^-23arecrose'9ectlonalviewsofvarious«iaU;>di. 6i 2 upitreim of the catalytic eonverter 7 ta cuiiiLtnr t&e 

j toeats of an ail aperture taken aioQg bneA-A' in eSG. 19, tcmperaiuieofibeeaEliaiiftt^fiesastiieyexitlbecGinbustiDB 

' aoeetdlQg te^ tbe present faiveotioa. dumber 14. 
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An enpae control unit 3 C'BCU") monitafs rni^inB con- to lave a graduaUy iacreasiDg tenperatee exposure for Oie 

ifidoBs faougli signa! conneciions lo various tetaoit, tvcb p«WBg air-fiiet mixtiBB. Altoaslivdy, indq)Midenl ia:fioos 

as maa air {low sensor 8. Uk tiirottle position seosor 16, c«H» wraed on wbfle olbere leman off, or turned on or ofi 

a eranlt angle (CKor 11, the O, sensor 12. the e3thaii« «t different iasteo«s of timc^ Vajaag the surt of flw 

wnpexaaie 25. a coolm temperature Kn»r 13 5 'fP^^^f^^^'^T^^^tT^^^^''^ 

«^ted for (he preferred oirrent meter 18. mtbout ^ i, ^ ^^^^^ tbu n^b^ 

\ . depahing two the scope of Uie invention. 10 ^ mamifsctorc Ibc besto element 1/ wba it 

Hie ECU 3 «mle»p]ated by ttie prcseot invealion may be niaie in seclions. 

! ■ ant^emetilHl programmatlcaUy or by direct cledrical con- .^le beater elanKUt 1 and the honsicg of tbe cold itm 

' aectkra through eaiBtomized integrated circuitg, or a combi- ' appBianis 1 is ptefcrably made of slumiaasi or a hj^b 

natioa of both, jsiog any of the metiDds known the tanperaiare plaitte. such at teflon, nylon m the aa, Ai 

ioduEfty for prowdiag ftiocUons describal kcreis with- » ^jj^^ ^ ^ heater elemeat incJuda 

001 d^artii^ Uam tbe teacbings of &e invoUios. Tbote ^ gm^s l-^ of fiie Imien that a smkU of a teat 

daUeS ia die ait will ^predate thai from tbe discbsm of „„]Hctive msiizisi mcfa v alumioum or die lo facQi- 

iffMBtSem provided Herein, eMWBwwnl sHninxtduclar jatc a npid wMm-<v- Tlw sdiBBlnHm «rface 3-^ al» 

i iiSBpatedciimittechiJOlc^ywoEikifflgseslnumenHis alter- -nrt^dei a dioAIe surface that lEtists fad deposUi and 

^. naliw for artual unplamentafton nf ttw linirtions ti» ™ pressuie fluctUftfiMS during baifiriog. Bawew. ai can be 

^= ECU 3 Oiat would stiU be n^thin Ibe scope of ^ lovralkm. undentood by th«e skilled in ibe ad, the inm smfse 1-j 

Tbe ECU 3 wes sensor inpuB as feedback for conBDlUng of ibe faealer oletnent 1-f mty be made &«b a munbcr of 

f:-; eagHK opoatiiHi ftinctou. Fs examide. tbe ECU 3 suitable eleisenu or ttUoyt that caa. jmvide for beat tnosfar 

y=] ales lbs Siiiis of sparkplug 4 ifaKmebaatgnidoanwdiilEfi, to tbepainns fiulfor wpoizatiNi dxm^. 

I^i vluk ooDtromng cIk flow of iitel to Ibe inta3ce mviifald 10 ^ V/oAiai outwaid fiom ianer tiriKc l-g, HC. 3 

.,f i by poling tbe cold siait ^pontus 1 and/oi fuel U^ecto' 2. disdosu a heated surface tJi bUsed against ^ tnoer 

ecu 3 aUo controls Ae opmtioD of theater swtb^ 19 tudKe l-g by a sprins l-<. Tbe biaraog effect of Hie ipring 

^ lin d^ivviisg CQtient firom tbe butny 17 to flic baatar i.( elkiwafiw Otediemul expanfiM aad<»imctiooDf tbe 

cDcnpoD^ (described below) of tbe cold start appai^ 1. Uaied cur^ 1-A while muntaimiif iu <»>Dtact wUb tbe 

Tbt bealet switch 19 may ba any meefaaidcdly epcfatad j.^. -n,e beaiad surface l-k is electrieaUy 

"Si switch, such a& a relay or solenoid aitivated smicb. or tl» coupled to tbe ECU 3 (shown in FIG. 1) by podlivc 

J bea(ef*witcfal9inayb«ofa6olidstate<iafiigB.InBfff6fei7ed «iecnode 1-m and negali™ eieclfode 1-a Dm electrodes 

Js. cmbodimHit of the present inventioD. tbe beaicr i\ritd! 19 is <ei(her l-m oi i-ii) is oomxcted lo d>e healed Roface 1-h 

a Mlki state de^^ce tiiat can operate with about 300 amps tbnw^ sprija while Ibe other etedrode contacts Ow 

peak ad abcWT 80-100 amps steady state. inner surface As can be ^acUtsd by tbosc stilled ia 

^ The coapcoenis of tbe cold start appaiuus 1 a» best ihe art, positive electrode l-MandocfUivBdectnMiei'RaK 

i V titiderstood by referrinf to tbe (^^aativeVran^ementof Ihe isolated eieciric&Uy fmtn the body of beder alement l-Zby 

iflva^oo ifiustrated in detail in FIGS. 2 and 3. At iUustratBd positive electrode Insulabx l-q and oegaUve ekctrode insi- 

iDF[CiS.3and3.oDeprefenedemi»ditnentoflbeco]ilsta]t ^ (aloe 1^, rat^wdvely. Confinuing ttroiigh the Jayos of die 

M afppasstuE I includee a bousing containing a (MmjwIorW better s^coienl 1/. FIQ. 3 shows insalalor 1'/ DDvariE^ 

|:^; hainn g an iiiliU OT orificE l-f foT Kcciving iad therdn. Ma bested stufac* 1-A and ^ling l-j.TbeinstiItficr]ay«r 1^ is, 

fiirifidaOveredtbiou^tbeidleBtrinletl-aiuKlartbAoontTd ia unn, oovned by outs surface 1-t 

I ctf aa idle speed conlnil valve l~b, and down ta as i^ile nir piQ, 4 Jiictoses atMlfaec embodiincadt ttf tbe healer ele- 

suKor 1-e for mixture «4di fud bong ejected froiB an oolUt ^ menil/wUhoutanalumlnuatlnnerlayerl-^.TtiisQDbod]- 

CT DtiSce t-d of Ox CSD tiuS injector l-f£ air cdJiing meid is rimiljif to (he eabodiiocnt of HG. 3. but mlb the 

«ith tbe fiKi spray assists the atouiutioA of tbe fuel beated surface 1-A directly exposed to the passiDg air-^ 

pgrtides ttieicby pnxoDtbg (he vi^wnzatloo of the fuel. mixture. Advantageously. w*rm-ap time aokl heat Iocs are 

' Upco mixing, the air-Aid xaixDue traverses ibiough (or reduced id tiss embodimcsit. Howenrs, over lime and witfa- 

noas) a tvaicrd'Oiiestt'/whicbfBUy vaporizes the fuel, jo out proper mainleDanoe, heater pcrfDimaocE may be 

Tte bearer elenent 1/ls |»eferably a tyUndtical caniicer degraded due to fue] contaminants imputing upoo tbe 

dc£ni&g a loogitudioal chamber or lunen thaein Uirovgb heated surface l-k 

wtaiA Ibe air-fael Bdxnue is vaporized, n should be noted PIOS. Sand 6 disclose two oddilionslembo^aeiits of die 

ibac ilcbongh a cy tindned shape is prefmed for reasons thai heater ekment 1/ as shows is FIG. 4. 

ioclude ease of manufacture, uinlomuty of tail, disdiaiga 3 j Iq piq. 5_ Uic disclosfd onbodimeiit of hraier eleneni 1/ 

aod cDcon^licaled hose csiiaeccivity, the present invetition includes 0 iemeo having an intenal thrall-lib; conSgar*- 

I is not so limited ia that any shape would be acceptable as t^on in which die be^g surface 1-ft coniaius s ipiraiiag 

j bmg as tbe forogdng fimctlons can be achieved. depreulott, or alternatively, ^iraling prDjedioos hr inside 

Ihe bealer element 1/ may, optionally, ba coni|Hrised of the lumen. Ibe increased surface anaof the b«tiagnidwe 

t plurality of separate beater sec&tns or eleimots disposed SO 1-h and &e drontotis conJIiguntiCT aasn tbe ajr-foel 

K})9cait lo ead other (design^ by tbe numesBls #1, «3. «3 ffiiAtuic to travel down (be lumen in a svnr&ng l^^uon wi& 

uvi ii in FIG. 2). In a prefemid embodiment, each separate incraeaBd exponire to tte greater headng area. As a Testllt, 

eectiai] is ekctiically isolated ftOBi Ihe other, so that the the atcmizUioa and vaporiwlwii of be fuel is boflt fistcr 

anett to ea;h section can be uidepradGndy cantinUed. In and more homogeneous. This aUowa for &b design of 

tUs maoasT, fiiB tMupcntuie of each eaction can b« indfl- AS bcsliag ekment l-/of lew lei^th while atiS achieviag die 

pendKttly set 50 lhBt.&ircXDiDple.fbcteaipeiatiire of section desied performaiKe, and as overall redoctioQ in die heat 

1 caa b* hotter than ibe lempeanw of sectioa 1 and so on Ion to the air. 
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a die OThaEmait disclosed in HO. 6, the bealiiig !mpeimeieiiwf2S,ofacombii»iioD9fl»«kTte 

^Tl-/ ibPU^ tte leV of Ite lumen. As can be accoriaow witt «ich ogto ope^g 

caa»ajeair-fbdiQixWreioaJ(oBowin»BwirUiigfeshioii i load, ecc, 

.ri™T^^rrir«,irfMe nMfi of Ac bs&tine Aliemativeiy. ui stq> 1ft if the M flow ate ikmaad is 

same resdts. Due to tfae simdmjy of the 10 ^^gZ^^^&'C.fmiy^CSDm'^l'd 

iiiuaraisd in HOS. 4-6 wits ttal of HQ. 3, twbts desctip- ^^^^^ .^^us I ^ be ojoating «til apsa 

liOD of these oabwUniHiU should not tw necessKy to ^ajni-up li reached, and ibe fimrticiB utOiiii^ 

uDdcntaod ifae couBmiction or opwafioii of the diffci«is ^ zoiowd in brsncb flwoBgh st^ »-W wifl now be 

atd«diiaenU of healing dement !•/ otiliied. Untfl the engine tempenture leaches wana-ap (at 

Tl» implemeat a prefwred «Dbo<Bment of the mid slart » abwjl 80" C), the process r^eate s^b < 6iB»gb 24. 

^ipantitt I in a conveoUonaJ intcreal «oiba«ifla eosiiK. ^ wdated anbodiBKiit, vUn fte esoaioe lempra»- 

soma additional aHnpoaentt may be oecesury. The salient ^ reacbefi 80° C„ engine wanD-i^ wiC have hem reached, 

compoaems, aloDg wth their illte^«la^i^m»Iup. are aboWn ^ injectors 2 take over {step 24) mli ihe CSD 

in bkwk diagram form in FIG. 7. fi»ei injector 1-rfand Uatef l/being shut off («t^2< and 

Tberi£l]t hao) Eidt of FK3. 7 shows Bw ECU 3, which 28). Pott Acluiedorlcisjfi takes ovs&csn Scs point «i to 

reeeivec sensor tspof data ftom the mass ur flow sensor 8^ opcnte the port fttci injecton 2 (tt^ 3(t). Aldna^ the 

Ibe crauk angle aensor 11. coolant taapentsm oasea 13 and prefen^ embodiment proviika fw switebias AbI d^sy 

ftrattle podliOD seiuor lA. Raying fiiinarily co thsse ^he CSD iqactor W lo the port fttit injacton 2 

nooc ki^Bs. the ECU 3 conbcda the operatioa of Ote opoa engine teaspeiatiseiBsiijiiag the wm-^^thiaibcddiU 

coapooeota of the cold start apparatiu 1. The ECU 3 OtaxHi be noted ftat the cwitcit bctweea tbt faO. ojaetCHS 

tmtmls tbecoDductionofdicctrldty between ibefualheatai could benlggciec] after a preihtennkDed dme pezioil or a 

I'/aad the faaUeiy 17 by cpening and clonng tbe healer fi:>tni;,iT..rf«in of nempMaCira and time meagaremwat. 

nvibA 19 llnagh a heater awjtch dav« 42 coupled to or R(ajiniiaglSrieiBy»st^6,ifa«ldle5peedseoing£BdiiDl 
Ditegrated within the ECU 3. Tbi ECU 3 is also coupled lo ^ exceed die preset (brehold. Ibe ECU 3 dttdks to se« if tbe 

ui Mile tpecd cddItdI valve driver 41 for optratiiis the idle ^apn^ lenpeiature is is ooe of the innsKct tanpetsme 

speed conto^ valve 14> whidi isgulaies air flow w Idle air ^^^^ ^ ^ no, ^ i, fojci -2(y= 

mixer As i>otedBarUer.airat6eidleurmua'l'rmixe9 q ^ 20° C, aD<l again in 60^ C. throogb C, Id tbe 

with Ibe fiiei ejected by CSD fOel injector W to iljereby ^bodimeot i^ieseoled in HQ. M. fee Sansieot tempwa- 
asaAmatciaiziBgfte&eiasitiideliveiedtotbeeleiiient ^ tme laoges «ra buti C. to 0" sad tan fiO" C. to 80° 

hie8l«l-/-lhBpulnDgofCSDAKliiyectorl-<(Isconno]kd c.Thesetrans^iangeaaiectiaractnizadbytiiibBtuitiaUy 

t>y a bel iigectw driver 40 coupled between the CSD b)A "seesaw" opei^n of the port ftwl uijeeton 3 vHto regard to 

injector and the ECU 3. A* wiaia» ease of the beite csD injector 1-4 in which l»ib Wes of injeetocB a» 

switch driver 43, tite Idle spaed codtriI Wve driver 41 sappiyiog fuel to the to tovecaetr wiyiag anwuaia as 
MdAw IlK fiael ifljeclor diivw 40 may ba a aeparaia unit ^ lempwature changes. 

cDtiplad to the ECU 3 or fli^ may be a fiMcUnn integrated Thus, asseeo to5lep7orFTG. 8, if iherapw iaapa^utt 
wifldn 1iK£CU3 

ustng cDnuBCKuIIy avtd^ble eleotrooic jij^^^ wj^ii ift » tr awri anttfflg^ with the enpiieiffie tpdatffaw. 

ctm^ooeida. llmitlieeiigioettiaperatanciiitutbegiEabErthaaSy Caod 

The overaUc^entkni of the cold start ^araus I during cmly dieprat iiuceton2wiQbe open&HBl. C«ivme^, if 
K ess^ cold start is illustrated in FIQS.ft-10.nG.SiaB ^^ ^ ECU 3 is opendug wlihin a nwtrieoi range wtft low 

flow dxBi of the overaD c^etation of the cold start apparatus idle speed iIk «□ gtne must be operating between 60" 

VFfGS.9aull0tb3Wgr^ucal»pieseatationsofUie«oId C. and 80° C. with CSD injector t.^ of the cold start 

start ^ppa*tas 1 with respect to the operaQon of port fiid app&ra&is I siqiplyiag fuel (sl^ ^ As the tempenfilR 

iiijecunS. Uicfeasfls,diefii^£iDminjeacrl-^bgi%iiuaIlyti!duc(riBw^ 

Ke&seice will now be made to PIGS. 8 and 9 in combi- so the fuel supplied by I3)e poit injecton 2 is ^adcally 

oatioo. During a typi<sl eBgina start tip, ttie ECU 3 will cycle isosasad until the 80' C. wamjmp letBpmaire is rescbed. 

ttctsj^ engine s^ Up pnxxdures (step 2) aod diagnostic As abomi in HG. il, tbc ^1 level n^fdied by the pact ^ 

pcocohaes («kp 4). Ibcsc louUaes will U explaiaed in injector 2> as dw cold atari ajqianhu I deoeaas ite fUel 

cktail below, howevo; for fie pmposes of eiplaining FIQ, SHH>ly. does not necessatiiy have to Ik a Itaear iinase 

8, it ii •ssumed that both proc«dii«s have b«B compfeled 53 cbtfeof Pattem 2). Rather, a aott-liMar inaease ia ths 

soccee»fiilly.histey*.tbeECU3firstche(atsilieidleq«Bd ftel siqjply might be fiallowod, such as to aoo^laeai 

to Ke if it is hiBh. aa detetmiaed by comparlaoa to a preset increases depicted by Pattern 1 or Mtani 3- Iheso fuel 

tbieslKld.If t)K idle speed is iu^ as when a cold mginelE dnnudpftttenis may be used to account for vuy^fiKtors 

Bfflststed, then tie ECU 3 will calculate die fuel flow nte sudi aa intake maufold vdome, «lgiDe £i|^acea£iit. 
dcinais3 of the en^ (step «). «o ffligiiw rpm and toad, and less than ideal ftiel Kanhostion. 

If aie fuel flow rate is lower thwj a preset thraebold limit Continuing ««ih step 31 of HG. ^ in fljc port tiiel 

(Etu 10) siKh w when the aigiiie len^eiahiie is below 20" injection phase, die ECU 3 crodue** » m aint e n a n ce psoec- 

cTtbe ECU 3 will set Ibe injection poUc width of the cold dure fw the eahi start appnatos 1. Perioffleaay, a deatdng 

start apparatas 1 andfor the fiiel iiyector 2 (steps 12 and i4> ctHnJliiDii is cbecitad (itep 32) fta iniiiatiag abeater deaaisg 
depeaiia|ootheenginetemper^ure.B88howninHG.9.It 6S rontine (step 34). as more fiiliy espiaiwd below. Tbis cycle 

should be noted that the engine tempetafcw may be moni- of sops pnwHls h long as die sogtoo is nmdng (step 34: 

tored either by oDolaat temperatiae senscr 13. exhaust ignilioD key in dM "on" pesiliu). 
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Tunfins, now to FIG. 12. (be engute atart iogic piwwduw don© so thai during oankiDS, a souU ainonnt of Aid caa be 

(Kbowo as iwp 2 in RC. 8) is desoibed ki detflil. In i fired ftomlb«p<mflid injector 3 to wducetiiei»sa^ 

•xefwed anbodimH« of fte invention, power to the heater baAerinj . During engine start, eaneat to flic lieier eteoiMit 

^oaent 1-/ is nHiiited is quickly as pos^le ii> provide 1-f is teltaJ so dm all of aie baltay's 17 OKittl can be 
ada|BtUewma-iiptiii».J^8udb.tlKbnler6UiDBntl-/inay s db«cted to ctaoking the engine. 

' be tunied on upon Ibe occuirence of a dew switch being Once tlu engine stvb. port fuel injecfein ^ nopjed ami 

«igaged, a tBinoie key usage, a switch for detecting when a fuc) deUveiy from d» CSD injeclor l-ti Btarted, Tbe spsdE 

person sits in tbe drivel's seet, any combination of llic timing is retatded. Tbe Knonsl of air through ibe idte speed 

foregoing isiep ^EO- It is impartant (a note that the aciioB control valve is lowwed BlighUy, witfc enough Bir«dGC- 
wbicb is iBCd to initiate power to tbe ^aterekaient lo iog the cold start aj^ianbiBl to asdsiio tlx vaponzadoo of 

[ out oiUcal to the invendon. and chat evai using tbe car's lati tpioyed bom CSD iigsctor 1-^ Utoce ctmdhiOQS tyjn- 

! , iiniSoa key rwitcb ax the trigger for beater dement IzTmay cat^ continue for ^nm 20 aecotids, until (be caolytic 

saSce. as long 35 the beam element l-/is eng^ed ac icon cimv«$ta'? nac^ an antiei^tBd wsna-np stsie thai b«gitu 

as potsit^e prior le engine sun. ledociog «d)HHt emisunnA. 

Oice tbe prowBs is started, the volume of Ihe car batteiy " After en^ warm-op, the CSD injeclw l-rf is mppti, 

17 u ^jec^ed via current meter IS to ensure that an adaqoftte spark limli^ is set to no:mal and pent fuel bjectn S lakss 

charge is svailable <step 42) to heat tbe heater cIsDHit 1/ overtbe fUDCtjon of snpplyiDg fild to tbe lO^oe. Tbe beassr 

and oank lbe«^ae. If not enough voltage is pieBad, as eic]|ienll-/Tanabsoa3lit^tongiertDuisaellBliK>b^ 

ddennlHl by pie-estabUsbed cxiterta ist^ <li>, dien die fo^ fym tbe »ld start i^pa^nu I remainc in die ilOakc 
ECX] 3 jmcaads directly to p(»t injection procedise " manifold. 

ICl oiulmed in step 30 of PIG. 8, and use of the cold start NriodicaUy, tbe ECU 3 will engage in a deasiBg 

! ^jparatus 1 is Kvoided ahcgeiba. This w&y. whatever charge opersfion, as indicated In s«ps 32-34 in FIG. 8. MauitC' 

is remaining in the car baoery 11, it can be devoted to naox on tbe bealer element 1/ odo^B i?f clgwSag off 

W mming ibc start moiat <not shown), anothei source of high deposits on U>e innet sui^ce by spnying fuel accosc 
ooimt demand bflfere the eiyine is ronrang. ^ iifbrtsbortdtiiatian.T1iiscanbeBeaiiatbeaK3[dedaitt 

Z'. If sKKi^ voltage exists for both Ibe needs of tbe heater of FIO. 13. when die CSD ii^ector i-dis iDomcDianly tnined 

-4=^ eloncDt 1/ and tbe stster motor, Ibe licaici Kwilch 14 Is on while tte pnUes widfli of tbe port ii^eclor 2 is sifflulta- 

sfi do6edaiKltiieheaterelementl-/isstnited(<i^46>.N«i, necmly reduced fisr an equal dur^o- Tbe idle ^xed 

the ECU 3 proceeds arough a d^nosis logic fDuflne <8S control valve is alto a^oed for tftifi perk>d, so tbat tbe 

W se«l in FIG. 4 of FIG. S), which will be described in detail passing air can carry the fuel across the bsate elcmtait 1/ 

\.\ below- Afto diagno^ are MJcoessfiiUy rua, the ECU 3 and into the engine ^lind«cl4,After the luysd fuel washes 

diccks to sec bow pmch time has If^sed since tbe heatsr the iimet smftce of ti» heater elemeot I'^i; if ^ v^oiized 

^ deaaem 1/was tamed on (swp 48). If a predetennined lime by tbe hot ogiae components wUfain tbe irtfake manif^ 

period hul^aed witboot Ihe engine being slarled (slep50). ibe ctHitrol eb3raet£tifiticj of the eleaaiog opaiation are 

liien tl» bcat«^ elenMlt 1-/ is turned off. Ptetumably, be shown in Ibe flow diart diagram of FIO. 14. Staitii^ ai ibc 

TE^wk'sapenim has enlera] tbe car, Init does oM intend Id t^p, the cleaning mode (Socedure iniliales {tiqi 34^ finm 

n j start the tD^ne. This being Ihe case, tbe bnter elemeat 1^" PIG. V) by flnt deddng tbe eo^ne coolau lempaanm to 

16 nn Imgo- needed, and tbe current drain it prcdncei it inttne tbat tbe wjjne has wanned Op (it^8'»<^ad£lkiiL 
sicpped (si^ 52). ^ tbe ECU 3 ehedcs to see that tbe engine is not idling, tbe 

O WiOi the ignilicQ engaged, the engine lemperotore is vehicle speed and agineeoaUllQns are in a ^teafy state, tbe 

measuTK] (stip 56). If tbe engine is already wanned<up air-fbel mixun ratb it not in a lean sute and the beater 

^" <ahove 80" C), tbMi Ibe beater element I:f is lurocd off ckmenll-/isoff(stqi»8i^0).IfaUDftfccMccodiiiDnsare 

(swps and the engine can be cranked (step 66). As ma, the CSD iujector l-rfOrw a preset pulse widtb of foel 
can be apprwiaied, if tic engine is cooled (below SO" C). ^. (stepSJIwbiletllcporttliiccJorJpalicwiiWiisiwfacedby 

die temperatme of tbe heater element 1 •/ is <^Kcked to sw a coiresponding amount (Etep 94). WbM <bM deaoiflS open- 

If it his taated iq> before proceeding with the ehginc start tion is compWe (slep 96). the ECU 3 rflanB lo Bonnal 

{steft U the tEaperature of beat«r element l-/bas engine opeistioB nnitiaes. 

! not iseo. the praccu loops back duough the diagnosis lo^ jja diagnoetie operation (step 4 of HG. S) wiB bow be 

' (sE£p 4j until it is okay to Start Ibe ignition (step 64). discussed in detail, wllb rcfereoce lo FIOS. 15-17. THag,' 

Aftercbeckingtbctettqwamreofbealeretanentl/lBep nostics is ibe heater etement 1/ are based rsinwily on 

(4) and Godii^ it to be operating properly, tbe engine is cmrent and (empoate measurerocnts. In Ibe diagnwtic 

ouiked {sti^ 66). A timer is Uaited (step 6S} and if engine mode, tbe beater element 1:^ i* powsed on (step IW) and 

cranking docs net lead to enguie start befon; a pr*set the heater eniisnl is measured (step 102) o^gCBiTentaKMr 
I time-out occurs, engine diagDOOicB arc run (step 4). Aa will ss 18. 

; usually be (be case, tbe cratildng will lead m engine start Ibg bealer currwit in a piopaly <q>«aliiie hnating dement 

I Ite process tfaeit resumes to calcine ibc idle qtced (as in l-ZwinfollowdiepatlioiitlinedbytbesalidliaeiDibegn^b 

I step » of FIG. 8]. shown to FIG. 17. Duriag &a initial poiod T,^ tbe amoit 

' Xbe liiagraiQ in RG- » conefiponds dtiecUy to die wiU (urge lo a level 1^ so that ti» iemperatnfe of the bcsla 
events ootliaed in die flow chart of FIG. 12. In the case of so element l-/canqui(ily reach asleady Bttfecondition.AflH 
one piefened emtwdimrot of ihc bivenSM, oi»b tbe door W '»™wbed, the «ine« is redoeed to a tevel leprtscoted 

switch is activaltti (as by apereon entering the vehicle), the by in RO. 17.FK). IT also indicates in tbedottof iinc 

bealer element I-/ifi smldied on, "nie heater element l-/ii giapWcal lepttseotatioa <rf tbe beater elesKid 1/ in a 

Runed on beifbre even ftecold start ai»parata& 1 lo reduce the delerioB^ or duty condition, and in an overcnirent coo- 
pojsilHBty of imv^unzed {bet bang emited. Next when 63 ditioii when a fault exists, 

j Ihe ignlEicKi key is ttBoed, the idle speed conttol valve 1-b is FB3. 16 lodicaieB die initial invnse relatioBfihip between 

opened while tbe spuk timing is advanced shghUy. Tbis is ibe cunent level and tbf beatef ctemeQl 1/ l e m p e r a tMra . 



